Introduction
Ruptures of the distal biceps tendon are relatively uncommon. They are responsible for only 3% of all biceps pathology. A previous demographic study of 2002 showed that the incidence of distal biceps tendon ruptures was 1.2 per 100,000 patients. The dominant extremity was involved in 86% of all cases, and smokers had a 7.5 times greater risk of distal biceps tendon rupture. 1 In most cases, there is a smooth avulsion of the tendon from the radial tuberosity. 2 If left untreated, a complete rupture of the distal biceps tendon leads to approximately 40% loss of supination and 30% loss of flexion strength, and surgical reinsertion is usually indicated. Surgical reinsertion of the biceps tendon in the acute phase yields the best results. 3 In the last decade, different types of fixation have been developed and investigated. A summary will be given later in this article.
Anatomy
The biceps muscle consists of two muscle bellies, a long and a short head. The long head originates from the apex of the glenoid, whereas the short head originates from the coracoid process. It is a classic belief that the two muscle bellies fuse distally to form one distal biceps tendon that inserts onto the radial tuberosity. The tendon is covered by paratenon.
The distal biceps tendon has always been considered to be a single tendon, but it has been shown that the distal biceps tendon consists of two distinct parts (each continuing from the long and short heads) in 48e59% of specimens, whereas the remaining part showed interdigitation between the two muscle bellies and a united distal biceps tendon. 4, 5 The biceps muscle externally rotates 90 from origin to insertion, and both the short and long heads insert on the ulnar margin of the radial tuberosity. The insertion of the short head is located more distally, whereas the long head inserts more proximally and medially. Therefore, the short head has a more pronounced function in flexion, whereas the long head is more important for supination. 4 The bony tuberosity of the radius has a mean length of 22 mm and a mean width of 15 mm. 8 The footprint of the distal biceps tendon does not fully occupy the tuberosity; it inserts on the ulnar side of the tuberosity and has a mean length and width of 20.5e21 mm and 7e9.7 mm, respectively (63% and 13% of bony tuberosity, respectively). 5, 6, 8 The total footprint area is 88.3e156.3 mm 2 , with mean insertion areas of 48e71.4 mm 2 for the long head and 60e88.3 mm 2 for the short head. 5, 6 Between the tendon insertion and the tuberosity, a constant bursa is present. 7, 8 Fogg et al 9 even found that the distal biceps tendon is formed by a series of distinct bands of a variable number (more than 2), and that these bands are continuous onto the radius. These bands are not commonly seen, because the tendon sheath covers them. This could be important during a distal biceps reconstruction, as the central bands could be missed when sutures are only passed through the tendon marginally. Including the central bands could potentially increase the strength of the reconstruction. The bicipital aponeurosis (or lacertus fibrosus) serves as an additional insertion for the biceps tendon. It is unclear whether the aponeurosis originates from the short or the long head of the biceps. The aponeurosis consists of three layers and fully surrounds the ulnar flexor muscles of the forearm. The lacertus fibrosus could have different effects on the distal biceps tendon. Its role is still under debate. The aponeurosis could spread the force of the biceps tendon over the area; it could stabilise the short head of the distal biceps tendon; and it may pull the biceps tendon medially and increase the force on the biceps tendon, which could be an important factor in the etiology of distal biceps tendon rupture. 4, 6 Mechanism Distal biceps tendon ruptures usually occur when an eccentric load is suddenly applied to a flexed elbow. Complete ruptures of the distal biceps tendon are often preceded by inflammatory or degenerative changes. There are several theoretical mechanisms that could contribute to inflammation or degeneration. 10 The first hypothesis is based on blood supply. The distal biceps tendon can be divided into three zones. The first zone is the most proximal part of the tendon, and the third zone is where the tendon attaches to the bone. The second zone is located between the first and the third zones. Although the first and third zones are supplied by branches of the brachial artery and the posterior interosseous recurrent artery, respectively, there is no direct blood supply to Zone 2. The latter has to rely on blood supply through its extratendinous paratenon cover. 10 This would mean that the second zone would be particularly vulnerable to ruptures, but this does not explain why ruptures would occur as avulsions from the bone. The second mechanism is based on impingement of the biceps tendon between the ulnar lateral border and radial tuberosity. As the forearm is brought from supination into pronation, the distance between ulna and radius decreases by 50%, making impingement more likely. 10 A third mechanism is based on our own surgical experience with partial ruptures. The bursa is often fibrotic, and it scarred the tendon in these patients. It appears that a recurrent bursitis may be at the basis of tendinosis and subsequent rupture.
Examination

History
The patient often mentions a "pop" followed by a decrease in strength. It commonly occurs after a sudden eccentric load. 11 Acute pain is usually felt, and as the muscle contracts proximally, it causes deformation of the upper arm ( Figure 1 ). Antecubital ecchymosis and swelling can become obvious. However, it is not unusual that patients do not present with this classic presentation, and this could cause a delay in diagnosis. For example, if the lacertus fibrosis remains intact, the pathognomonic proximalisation of the muscle belly may not occur. Early diagnosis is important as early reconstruction has better results compared with late reconstruction. 12 
Clinical examination
With a complete rupture, the proximal position of the muscle belly is often readily apparent. Resisted flexion is weak and painful. In chronic cases, flexion strength may appear to be near normal as the brachialis is a strong flexor and pain is less prominent. Supination strength is decreased in both the acute and chronic cases.
Antecubital palpation and palpation of the bicipital tuberosity is painful, and palpation can be difficult because of swelling. If the patient allows deep palpation, the biceps tendon is absent. The stump can often be palpated proximal to the elbow crease. It is felt as a tensionless, firm mass, not attached to the skin or underlying structures. Specific clinical tests have been developed to test the integrity of the distal biceps tendon.
The squeeze test was developed by Ruland et al 13 and is performed with the patient seated and the forearm in 60e80 of flexion as it is placed in his lap. The forearm is slightly pronated. The investigator stands on the lateral (affected) side of the patient and grabs the biceps with both hands, with the thumbs at the lateral side of the arm ( Figure 2A ). One hand is placed at the musculotendinous junction, and the other hand more proximally at the muscle belly. As the muscle is squeezed, the muscle belly should be pulled anteriorly. Supination will occur with an intact tendon ( Figure 2B ). A positive test consists of a lack of supination. Ruland et al 13 reported a sensitivity of 96% and a specificity of 100%.
The hook test is performed with the patient sitting or standing, holding the elbow in 90 of flexion (no active, forceful flexion) with full forearm supination. Next, the investigator tries to "hook" the distal biceps tendon as he tries to insert his index finger under the lateral edge of the tendon (Figure 3 ). At this point, the examiner's index finger should be located between the distal biceps tendon and the brachialis muscle. In case of complete rupture of the distal biceps tendon, the examiner will not be able to "hook" his finger behind a cord-like structure. O'Driscoll et al 14 reported a sensitivity and specificity of 100%. Care is taken, not to try and "hook" the distal biceps tendon from the medial side, because an intact aponeurosis could then result in a false-negative test. Finally, the forearm rotation test was developed by Greg Bain. The elbow is placed in 90 . The examiner holds the hand of the patient and passively rotates the forearm from pronation to supination and vice versa. With an intact tendon, palpation of the medial side of the muscle belly reveals a proximal shift when the forearm is rotated from pronation to supination.
Imaging studies
The diagnosis of a full rupture is a clinical one. Imaging studies are not always necessary but are helpful in excluding other pathologies at the elbow.
Irregularities at the radial tuberosity or an avulsion "fleck" (Figure 4 ) can sometimes be seen on standard radiographs, but a normal image definitely does not exclude a distal biceps rupture. Ultrasound can be used if the diagnosis is not clear. It can confirm the absence of the tendon in its normal location. Magnetic resonance imaging (MRI) ( Figure 5 ) has a 92e100% sensitivity and 82.5e85% specificity to detect complete distal biceps ruptures. 14, 15 For partial tears, the sensitivity and specificity are 59% and 100%, respectively. 15 Commonly, it is difficult to see the full distal biceps tendon in one section on MRI. Giuffre and Moss 16 developed a new way of positioning the patient that allows the full length of the distal biceps tendon to be visualised in one or two sections on MRI.
The shoulder is positioned in 180 of abduction, the elbow in 90 of flexion, and the forearm in supination (flexed abducted supinated view). 16 MRI is usually not necessary for the diagnosis of a complete tear but is very helpful in partial tears. Furthermore, it is not immediately available in all centers, and as it is better to operate in the acute phase, it is usually not indicated to delay a procedure for the sake of an MRI.
Treatment
Complete ruptures usually do not lead to pain if treated conservatively, and here, an intact lacertus fibrosus can lead to better function.
Some studies have shown that surgical treatment does not always lead to better outcomes, especially for flexion strength. This has been countered by numerous other studies that did show significantly better outcomes after reconstruction. Nonoperative therapy can lead to loss of flexion and supination force in full distal biceps tendon ruptures and to a subjectively worse outcome. 3,20e22 Therefore, conservative treatment should be reserved for the elderly and for low-demanding patients, or if there is a contraindication for surgical treatment. Surgical reconstruction should preferably be performed within a few weeks after the rupture, as this leads to the best results. 12 
Surgical Treatment
Approach
Two approaches are commonly used to reconstruct the distal biceps tendon, the single-and two-incision techniques.
The single-incision technique consists of an anterolateral incision (Henry approach) over the forearm on a supinated arm. The plane between the brachioradialis muscle and the brachialis muscle is dissected to clearly visualise the distal biceps tendon. Care is taken not to injure the radial nerve. The first two articles using this approach for the distal biceps tendon reconstruction were published by Dobbie 18 and by Meherin and Kilgore. 23 reduce radioulnar synostosis and heterotopic ossification. The first step of this procedure is a transverse, proximal incision over the distal biceps tendon sheath. Before making the distal incision, a curved hemostat is advanced on the medial side of the radius, through the extensor muscles, until the hemostat can be felt under the skin. Finally, an incision is made at the level of the hemostat. Dissection is continued through the extensor muscle until the radial tuberosity can be visualised. Exposure of the ulna should be avoided, as this could lead to radioulnar synostosis. All athletes returned to full activity with normal flexion and supination strength, but a mean of 20% reduction in flexion endurance 33 ; these results were confirmed by Leighton et al. 34 Karunar and Davison, however, were not able to support this data. 35, 36 A loss in range of motion, endurance, flexion, and supination strength were also commonly found. 35e37 Radioulnar synostosis is considered as the most common complication by some, 34, 35 whereas others state that it does not occur if the muscle-splitting technique is used. 12 Literature also shows that nerve injuries are not totally eradicated when using a two-incision approach instead of a singleincision approach.
38,39
Chavan et al 40 recently compared the two approaches in a systematic review of literature. He found no overall difference in the incidence of complications but noted a significantly greater number of cases with loss of forearm rotation with the two-incision technique. This group also had a significantly greater proportion of unsatisfactory results compared to that with the single-incision approach. 40 Partial denervation of the supinator muscle during the two-incision approach could be an explanation for this common complication. Duquin et al 41 found that, in 25% of their specimens, at least one nerve branch runs close to the radial tuberosity when the forearm is in pronation (as is the case during two-incision approach). Grewal et al recently presented the results of a randomised controlled trial, showing no difference in pain and strength when comparing the two approaches. 42 Jobin et al 43 showed that the two-incision approach allowed for a more anatomical recreation of the footprint area on the radial tuberosity compared to the singleincision technique. In 2009, Gregory et al 44 described an endoscopic technique for distal biceps reconstruction. They stated that endoscopic repair of the ruptured distal biceps tendon is safe and effective, and that it provides good functional outcome and early recovery with few complications. However, postoperative median nerve palsy because of edema is a possible concern for patients involved in athletic activity and with a history of nerve entrapment, making this a contraindication of the endoscopic technique. 44 
Fixation
For the fixation of the distal biceps, there are several options, including bone tunnel, endobutton, suture anchor, interference screw, or transosseous sutures.
The endobutton technique has the highest load to failure (259e440 N) and stiffness if all methods are compared. 40,45e48 Interference screw fixation and the suture anchor may have a lower load to failure, but some authors suggest that the fixation strength is still sufficient to resist the forces that are generated by immediate postoperative passive mobilisation.
49e51 Furthermore, they might do a better job in recreating the footprint area on the radial tuberosity of the native distal biceps tendon. 43, 52 To avoid the posterior interosseous nerve injury when using the endobutton technique, drilling of the posterior cortex of the radius and advancing of the endobutton should be performed with the forearm in 90 of supination. The nerve is more prone to injury when the drill is aimed distally or laterally. 53 
Postoperative Rehabilitation
Rapid mobilisation after surgery is critical for a good clinical outcome. Different postoperative rehabilitation programmes are used, but they should have one thing in common: early mobilisation. Usually, the elbow is placed in a splint, brace, or sling for 1 day or 2 days after surgery, after which passive mobilisation is initialised.
Cheung et al 54 described a slower protocol where the passive range of motion gradually increases from 30 , starting in a flexed position, to full range of motion over a period of 6 weeks. Strength training was started after 8 weeks. They concluded that immediate postoperative range of motion after distal biceps reconstruction leads to early gain of extension, without any negative effect on healing or strength. 54 Cil et al 55 used a similar protocol after a modified two-incision approach but started active range of motion after 2 days. Twopound weight lifting was allowed after 6 weeks and full activity after 3 months. They also concluded that early full range of motion and strength can be regained without any significant disabilities. 55 Heinzelmann et al 56 started 1-lb weight lifting 1 week after reconstruction using a soft tissue button and an interference screw through a single-incision approach. They claimed that patients could return to work after 6.5 weeks. 56 
Partial Ruptures
Partial ruptures of the distal biceps tendon have a similar clinical presentation as tendinitis or bursitis. Pain is in the antecubital fossa that reduces the strength of flexion and supination. Flexion strength can sometimes be normal. However, compared with complete ruptures, the distal biceps tendon can still be palpated, and specific tests are negative. Diagnosis of partial ruptures requires radiographs and MRI. Conservative treatment is advised for a period of 3e4 months. Generally, ruptures of less than 50% are treated conservatively or with operative debridement. Once the rupture exceeds 50% of the tendon, primary reconstruction is advised. 57 Primary surgical repair after partial lesions generally has a good clinical outcome, and it is a good option if conservative management fails. 58 
Chronic Ruptures
Chronic ruptures can be challenging. It can be difficult to reconstruct the distal biceps tendon primarily. Three options remain in this group: conservative treatment, nonanatomical reattachment to the brachialis muscle, or an anatomical reconstruction using a tendon allograft. In young, active patients, an operative reconstruction should be considered.
Darlis and Sotereanos 59 performed seven reconstructions using an Achilles allograft tendon, with an excellent outcome, and all patients returned to their employment. They recommended to use this technique in patients with high functional demands. 59 Wiley et al 60 compared conservative treatment with reconstruction using a semitendinosus autograft. They clearly noticed an improvement in flexion and supination strength in the reconstructed group. 60 
Author's Technique
The patient is placed supine, with the arm on an armboard. General or regional anesthesia can be used. A tourniquet is applied. A 3-cm incision is made centrally on the forearm, at 2.5 cm distal to the elbow crease. Only the skin is incised to protect the lateral cutaneous nerve of the forearm (Figure 6 ). The dissection is continued ulnar to the brachioradialis. The retracted biceps tendon leaves a track to the bicipital tuberosity, and blunt dissection can be used to get a direct view onto the tuberosity. Following the subcutaneous track of the tendon with a finger usually easily identifies the stump of the biceps. The tendon is then grasped with a clamp. In chronic cases, the tendon may be of very poor quality or it may be impossible to reattach the tendon to its insertion on the bicipital tuberosity. In these cases, a tendon reconstruction may be done by using auto-or allograft tendon. If available, palmaris longus autograft is of sufficient strength and can usually be doubled and woven into the stump of the distal biceps tendon. Otherwise, a semitendinosus graft can be used and sutured to the endobutton. Nonabsorbable sutures are used to suture a loopless endobutton (Smith & Nephew, Memphis, Tennessee, USA) to the stump. A distance of 2 mm is left between the stump and the button to accommodate the second radial cortex. A lead and a trailing suture are inserted into the outer two holes of the endobutton (Figure 7) . The diameter of the tendon can be measured.
The tuberosity is then prepared. The forearm is rotated in maximum supination. A guide wire is drilled on the ulnar side of the center of the tuberosity. Care is taken not to drill too radially and distally as this increases the risk of posterior interosseus nerve injury. The guidewire is left in place and the near cortex is overdrilled with a cannulated drill with the same diameter of the tendon (often 8 mm). The second cortex is then overdrilled with a cannulated 4.5-mm drill (Figure 8 ). The lead and trailing sutures are inserted into the eye of the guidewire, and the guidewire is advanced through the posterior soft tissue and through the skin. The leading suture is used to pull the endobutton through the radial tunnel. Once the endobutton has passed the second cortex, we pull the trailing suture to flip the endobutton. The correct position is then confirmed by fluoroscopy (Figure 9 ). The forearm is rotated to make sure no soft tissue is interposed between the Figure 6 . The lateral cutaneous nerve of the forearm is in close proximity of the incision and should be protected throughout the procedure. Care should be taken to avoid excessive retraction of the nerve.
button and the radius. The skin is closed and a protective bandage is applied.
Active and passive range of motion exercises are permitted immediately, in addition to lifting as tolerated. The patient is instructed to avoid jerking the arm and to avoid sudden loads on the arm.
Summary
Distal biceps tendon ruptures commonly follow a sudden eccentric loading of the flexed elbow. This is sometimes accompanied by a snap and sharp pain. Physical examination reveals a loss of flexion and supination strength. Imaging options include radiographs, ultrasonography, and MRI. It is crucial not to miss an acute rupture because immediate reconstruction results in better outcomes than late reconstructions. Reinsertion can be performed through a single-or two-incision approach. Endobutton fixation of the distal biceps tendon currently has the highest load to failure and is, therefore, the preferred technique. Immediate postoperative mobilisation is well tolerated and leads to early return to work and sports. The most common complications of surgical reconstruction are nerve injuries, heterotopic ossification, and radioulnar synostosis, and a meticulous surgical technique is the best way to avoid these complications. Figure 8 . The first cortex was drilled with an 8-mm drill to accommodate the distal biceps tendon. The second cortex was drilled with a 4.5-mm drill so that the endobutton could be pulled through longitudinally. Once the button passes the far cortex, it will be flipped transversely, and tension on the tendon will assure a secure fixation. The endobutton is sutured at a distance of 2 mm from the distal biceps tendon stump. Lead and trail sutures are placed in the outer holes of the endobutton and will be used to pull the button through both cortices of the radius.
